The membrane of Halobacterium halobium was isolated after rupturing the organisms osmotically in 0.02 M-MgC1,. Selected properties of this membrane were compared with those of membranes isolated from organisms which had been ruptured mechanically in 5 M-NaCl. The two types of preparation were indistinguishable from one another in the electron microscope, but some differences were noted between the present series of preparations and those described earlier. These differences, of which the occasional retention of the characteristic surface pattern of this organism was notable, were attributed to a slight modification of fixation conditions used in the present work. There were no major chemical differences between the two types of preparation but some minor differences in H+ titration and carbohydrate analyses possibly reflected slight structural differences between the two types of preparation. The osmotic method described here is much quicker than the mechanical one and, unlike the mechanical one, the time involved is largely independent of the quantity of organisms being used.
INTRODUCTION
The properties of a complex subcellular component isolated from a living organism are presumably dependent to some extent on the isolation procedure used. Lipoprotein membranes are not likely to be an exception to this generalization (see for example Ponder, 1961) and it is a reasonable assumption that an isolated membrane differs in various ways from the functional structure in a viable organism. The opportunities for isolating a microbial membrane by more than one method, however, are limited. Membranes from Gram-positive bacteria and structurally related organisms are normally obtained by digesting the cell wall enzymically (with risk of changes in the membrane) followed by osmotic rupture of the protoplast. At the present time there is apparently no alternative to this. The two membranous components of the envelope of most Gram-negative bacteria are not easy to separate from each other but together they can be separated from the rest of the cell by ultrasonic treatment or by any of several fundamentally similar mechanical methods of rupturing the organism. The extremely halophilic bacterium Halobacterium halobium is bounded by a single lipoprotein membrane (Brown & Shorey, 1963) which hitherto has been isolated only by mechanical breakage of the organisms in the presence of high concentrations of NaCl followed by centrifugation in salt solutions. Because these organisms grow in high concentrations of NaCl they can be subjected, by dilution of their suspending medium, to a very large osmotic shock. Such a simple dilution procedure cannot be used for isolating the membrane, however, because the membrane itself dissolves at decreased salt concentrations (Brown, 1964) . Membrane dissolution is caused by electrostatically induced disaggregation of the structure and can be prevented by high concentrations of monovalent cations or relatively low concentrations of bivalent cations (Brown, 1964) . Concentrations of bivalent cations which are sufficient to stabilize the membrane against electrostatic dissolution are insufficient to stabilize the organism against osmotic rupture. This fact has been used to provide an alternative method which is quicker than mechanical breakage of the organisms, and which can be used on a larger scale than the mechanical or ultrasonic techniques so far available to the authors. Slight differences in the properties of membranes isolated by osmotic lysis on the one hand, and mechanical disintegration on the other, are relevant to an ultimate understanding of membrane structure. Isolation of ce22 membrane. The culture was centrifuged a t 2600g for 20 min. The deposit was divided into two parts and each half treated separately as follows. (i) One half was suspended in 5 M-NaC1 at 4' and portions of this suspension were shaken with glass beads in a Mickle tissue disintegrator for 30 min. in an ambient temperature of LEO, with intermittent cooling in an ice bath (Brown, 1961) . For this purpose the organisms from 1.5 1. of culture were suspended in 80 ml. 5 M-NaCl, and 20 ml. portions were shaken at a time. The time involved in this disintegration step, or with any other batch-type mechanical device, is proportional to the volume of suspension being processed. After 30 min. the beads were removed on a coarse sintered-glass filter. The membrane suspension was centrifuged for 1 hr at 14,000-1 7 , O O O g and thereafter purified by a series of fast and slow depositions in a centrifuge (Brown, 1961) . Throughout the whole procedure the membranes were suspended in cold 5 M-NaCl. (ii) The second half of the centrifuged deposit was suspended, with rapid mixing, in 0.02 M-MgC1, at 4'. For this purpose the organisms from 1-5 1. of culture were suspended in 80-100 ml. 0.02 M-MgCl,. The organisms lysed virtually instantaneously and the suspension became unmanageably viscous with the release of deoxyribonucleic acid. The suspension was incubated a t room temperature with sufficient deoxyribonuclease (DNase, about 2 mg. in 250 ml.) to decrease the viscosity effectively within 20 min. The time lapse between suspending the organisms in MgC1, solution and completing incubation with DNase was normally about 30 min. and was largely independent of the mass of organisms (or volume of bacterial suspension). The suspension was then centrifuged a t 14,000-1 7 , O O O g for 1 hr and resuspended in cold 5 M-NaCl. Sometimes it was found a t this stage that not all the bacteria were broken, in which case the suspension in 5 M-NaCl was centrifuged and the deposit again suspended in 0.02 M-Mgcl, followed by incubation with DNase as before. After this second treatment virtually all the organisms had lysed. The extent of breakage on the first dilution was affected by the speed of mixing and by the volume of suspending solution. When the osmotically lysed bacteria were eventually resuspended in cold 5 M-NaCl they were fractionated in a centrifuge under conditions identical with those used for the mechanically broken half of the preparation. In both cases depositions in a centrifuge were continued until the appearances of the supernatant fluid and of the membrane suspension (the latter in a phase-contrast microscope) were consistent with adequate freedom from cytoplasmic contamination. This was usually achieved in 3-4 cycles of fast and slow depositions.
Electron nzicroscopj. The techniques used were described fully by Brown gL Shorey (1963). Membrane preparations were fixed with buffered KMnO, followed by uranyl nitrate as described except that in the present work the membranes were suspended in 5 M-NaC1 instead of 'half-strength salts' up to the time of fixation. Fixed membranes were washed three times in water, deposited from aqueous suspension on to carbon-coated nitrocellulose supporting film and shadowed with gold-palladium or else they were embedded and sectioned. For the latter purpose they were dehydrated conventionally with ethanol, passed once through xylene, embedded in Araldite and sectioned (Brown & Shorey, 1963) . Both shadowed and sectioned specimens were examined in a Philips E.M. 200 electron microscope.
Chemical examination. Membrane suspensions were titrated at constant ionic strength in 4 M-NaC1 with 0-02 N-NaOH and HCl. Details and implications of this technique, as applied to membranes, are discussed more fully elsewhere (Brown, 1965) . In the present work, reference solutions of lipoprotein were not used since the aim of the titrations was merely to compare the two types of membrane preparation. After titration, membrane suspensions were dialysed exhaustively against distilled water at 4' and the resulting lipoprotein solutions (Brown, 1964) were freeze-dried and weighed. Protein ( Lowry, Rosenbrough, Farr & Randall, 1951) , total phosphorus following digestion with H,SO, and HNO, (Fiske & Subbarow, 1925) , amino sugar (Rondle & Morgan, 1955) and total hexose (Dische, 1955) were estimated in these preparations. The last two estimations were made on acid-hydrolysed (2 N-HC~ for 2 hr a t 100') lipoprotein.
RESULTS AND DISCUSSION
Electruu microscopg. Shadowed membranes looked similar after both methods of isolation (PI. 1, figs. 1-3) and, with one important exception, the same as encountered previously by Brown & Shorey (1963). The exception was that a few individual membranes retained the surface pattern noted by Houwink (1956) on whole organisms of this bacterium and subsequently by Kushner et al. (1964) on unfixed membranes isolated from Halobacterium cutirubrum. This pattern was not encountered previously by Brown & Shorey (1963) in membranes suspended in 'halfstrength salts' up to the time of fixation; it is likely that the use of 5 M-NaCl in the present work assisted in preserving the surface structure. The pattern was encountered more frequently in membranes isolated by mechanical breakage of the organisms than by osmotic lysis but not enough preparations were examined to allow any statistical evaluation of this statement.
When examined in thin section there was no apparent difference between membranes isolated by either method (Pl. 1, fig. 4 fig. 2 ). This kind of appearance was encountered previously by Brown & Shorey (1963) in sections of whole organisms of Halobacterium halobium but was not seen in isolated membranes. Like the surface pattern, the compound membrane appearance in isolated membranes was probably a result of the different ionic conditions during isolation. The compound appearance was encountered after both methods of isolation. Hydrogen-ion titrations Titration curves of membranes isolated from the same culture by both methods are shown in Fig. 1 . Many of the basic groups present on the lipoproteins of this organism do not titrate in the intact membrane and are presumed to be 'buried'
in the deeper parts of the structure; a-NH, groups become titratable when the membrane swells, even slightly, in an ion deficit (Brown, 1965) . This method of analysis is thus quite a sensitive one for detecting some subtle changes in membrane structure. The numbers of groups titrating in three pairs of preparations are shown in Table 1 ; from this it is apparent that pH 6-0-8.2 was the only titration range in which there was a consistent difference between the two types of preparation, the osmotically lysed preparation having the higher titre. Groups titrating in this range include imidazole (of histidine), phosphate (pK, if phosphate mono-esters are present) and a-NH,. The fact that pH 6.0-8.2 was the only range in which differences between the two types of preparation were consistently obtained is in accord with the previous finding (Brown, 1965) that the bonds responsible for 'burying' a-NH, groups in this membrane are weak and easily disrupted. For reasons apparent from a fuller treatment of this topic (Brown, 1965) it is thought that in the present series of preparations the differences in titre were caused by the exposure of groups which were previously 'buried' rather than the converse. It is possible that a higher concentration of MgCl, at the time of lysis would have prevented these slight differences in titre from arising but this was not investigated. In preliminary observations it was noted that an increase of MgCl, concentration to 0.025 M was accompanied by the rupture of noticeably fewer organisms. The reasons for selecting these ranges of pH in which to compare titres are discussed elsewhere (Brown, 1965). Table 2 summarizes results of chemical analyses of four classes of substance frequently used to characterize biological membranes and related structures. In one preparation lipoprotein from mechanically isolated membrane contained more phosphorus and the same amount or slightly less protein than its osmotically isolated counterpart; in the other preparations the converse was true. Thus variations in the proportion of phosphorus and protein cannot be attributed to the methods used for rupturing the organisms. Consistent differences were obtained, however, in the two sets of carbohydrate analyses; both amino sugar and total hexose were consistently higher in the lipoproteins isolated from mechanically ruptured organisms. It is not yet known whether these carbohydrates are part of polysaccharide present in small amounts in the membrane or of glycoprotein. Probably the amino sugar and hexose originated at least partly in different polymers, since different proportions of each were 'lost' on osmotic lysis. In two of three preparations the osmotically isolated lipoprotein contained about 40 yo Iess hexosamine and about 30 yo less hexose than did lipoprotein from mechanically ruptured organisms; the differences were less in the third preparation. For a component to differ by as much as 40% between preparations without reflecting the difference in other analyses, it must either be present in very small amounts or, alternatively, it must contain the other components analysed, namely phosphorus and protein, in the same proportion as the whole membrane; such a compound would be a lipoglycoprotein. Variations in the proportions of the components which contained the carbohydrates were not reflected in the electron microscopy of the membranes, but were correlated with differences in H+ titre in the range pH 6.0-8.2, It is not known whether there is any direct causal relationship between these two analytical differences but preparation 3, which had the smallest difference in carbohydrate analyses, also had the smallest difference in titre (pH 6.0-8.2) between the two types of preparation. 
Chemical analyses

Conclusion
It is thus evident that membranes isolated from Halobacterium halobium by osmotic lysis in 0-02 M-Mgcl, retained their morphological identity. In an electron microscope they could not be distinguished with certainty, if a t all, from membranes isolated by mechanical breakage. There were no major chemical differences but some minor ones possibly reflected very slight structural differences between the two types of preparation. The importance of such slight differences will depend on the purpose for which the isolated membrane is required. The osmotic method is much quicker and more convenient than the mechanical method with which it was compared and is now being used routinely to obtain membrane lipoproteins for chemical and physico-chemical studies. fig. 1 shown at higher magnification. This pattern, which has been observed on whole cells and unfixed membranes deposited from suspension in salt solution, has not previously been obtained in fixed membranes. The identity of the larger lumps is not known but they appear to be caused by material occluded within the cell envelope. x 45,000. Fig. 3 . Membranes isolated by osmotic lysis in the presence of MgC1,. The larger membrane has evidently collapsed lengthwise and shows the hole where the cell burst. Patterned membranes were occasionally seen in lytic preparations but no examples as good as Fig. 2 were obtained.
x 45,000. Fig. 4 . Section of a membrane isolated from mechanically ruptured cells. x 100,000. P L A T E 2 Fig. 1 . Section of a membrane isolated from osmotically ruptured cells. x 100,000. Fig. 2 . Section of membranes isolated from mechanically ruptured cells. Parts of these membranes resemble compound membranes. This appearance was also noted occasionally in membranes isolated by the osmotic method and has previously been reported (Brown & Shorey, 1963) in sections of whole organisms. x 100,000.
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